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ABSTRACT OF THESIS 
DIFFERENTIAL EFFECTS OF  
CRITERIA FOR INCREASING DELAY INTERVALS 
IN PROGRESSIVE TIME DELAY 
The purpose of the study was to compare the differential effects of response-
independent and response-dependent criteria used to determine when to increase to the 
next delay interval in the progressive time delay (PTD) procedure. An adapted alternating 
treatments design was used to evaluate the relative efficiency of two variations of the 
PTD procedure when teaching expressive word identification to elementary-aged boys 
with moderate to severe disabilities, language impairments, and reading deficits. The 
participants’ school was closed due to a pandemic prior to completion of the study. 
Therefore, conclusions about results should be considered in light of this limitation. 
Results obtained indicated that both variations were effective in increasing participants’ 
percentage of unprompted correct responses when identifying sight words. Results 
pertaining to the differentiation in the acquisition rates of both variations were mixed but 
indicated some superiority with the response-dependent variation. Results pertaining to 
which variation was more efficient in increasing independent performance with fewer 
errors were mixed and indicated that either (a) there was not a noteworthy difference in 
error rates between variations or (b) the response-dependent variation resulted in lower 
error rates. Neither variation was considerably more efficient in terms of the instructional 
time required to implement the procedures. 
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Section 1: Introduction 
Special education teachers are instructional experts who, along with other 
members of a student’s individualized education program (IEP) team, are responsible for 
ensuring students acquire, maintain, and generalize targeted behaviors (Head, Collins, 
Schuster, & Ault, 2011). Students who receive special education services frequently 
struggle to generalize skills and often require extensive direct, systematic, and intensive 
instruction to learn new skills and behaviors. Teachers have numerous responsibilities, 
including meeting the educational needs of a wide range of students. To maximize the 
efficiency of their limited instructional time, teachers need to utilize efficient, evidence-
based instructional practices. Efficient strategies enable teachers to capitalize their 
instructional time by providing effective instruction that consumes less time and energy 
than more onerous strategies while still resulting in superior student learning. Strategies 
are more efficient when they result in (a) faster acquisition rates, (b) less sessions to 
criterion, (c) smaller error rates, (d) less time to criterion, (e) greater extent of 
maintenance, (f) greater extent of generalization, (g) greater extent of non-targeted 
information acquisition, (h) greater extent of observational learning, or (i) less instructor 
effort (Collins, 2012; Head et al., 2011; Wolery, Ault, & Doyle, 1992).  
When determining methods for maximizing the efficiency of instruction, teachers 
must select an instructional strategy appropriate for teaching target instructional content 
to students. The special education research literature provides empirical evidence 
supporting the effectiveness of numerous response-prompting strategies (Collins, 2012; 
Head et al., 2011; Ledford, Lane, & Barton, 2019; Wolery et al., 1992). Among these 
evidence-based response-prompting strategies, time delay procedures have been 
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effectively used to teach a variety of discrete and chained skills to learners representing a 
wide range of ages and abilities ranging from mild to profound disabilities (Walker, 
2008). Time delay procedures transfer stimulus control (i.e., engaging in a certain 
response in the presence of a stimulus and not in the absence of that stimulus) from the 
prompt to the stimulus by (a) initially presenting the target stimulus and then immediately 
providing the controlling prompt (i.e., the prompt that ensures a learner engages in a 
correct response; 0-s delay) followed by (b) fading the presentation of the controlling 
prompt in subsequent instructional sessions by an amount of time (i.e., a delay interval) 
between the presentation of the stimulus and the delivery of the prompt. This allows the 
instructor to differentially reinforce correct responding, which helps bring responding 
under control of the natural stimulus rather than under control of the prompt. Increasing 
the length of the delay interval between the presentation of the stimulus and the delivery 
of the prompt as the student has more opportunities to respond increases the probability 
that the student’s response will occur under the natural condition of seeing the stimulus 
(before the prompt is delivered; Daly et al., 2016). There are two variations of the time 
delay procedure: constant time delay (CTD) and progressive time delay (PTD). When 
using the CTD procedure, the delay interval is increased to one fixed (i.e., constant) 
amount of time in all subsequent sessions after the initial 0-s delay session(s). When 
using the PTD procedure, the delay interval between the onset of the stimulus and the 
delivery of the prompt is gradually increased as the student progresses through 
instructional sessions (Head et al., 2011).  
There have been numerous studies conducted to determine the effectiveness and 
efficiency of both the CTD and the PTD instructional procedures. In an analysis of 22 
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empirical studies conducted with participants identified as having autism spectrum 
disorder (ASD) symptoms, Walker (2008) concluded that, although both procedures were 
effective in teaching the targeted skill(s), the PTD procedure resulted in more efficient 
learning. Both procedures were effective in teaching targeted skills to diverse participants 
(e.g., different ages, various levels of cognitive functioning) across various antecedent 
conditions (e.g., instructors, settings, instructional arrangements; Walker, 2008). 
Furthermore, both procedures resulted in similar behavior maintenance and 
generalization over time and were both able to be conducted to the same degree of 
procedural fidelity. However, instruction conducted with the PTD procedure resulted in 
fewer response errors and faster transfer of stimulus control than did the instruction 
conducted with the CTD procedure. Furthermore, the PTD procedure required fewer 
procedural modifications to meet learner needs (Walker, 2008). These results indicate 
that “arranging prompt delivery so that it accounts for changing response strength over 
time appears to be vital to making instruction more efficient” (Daly et al., 2016, p. 276). 
Thus, gradually increasing the delay interval between the onset of the stimulus and the 
delivery of the prompt as learning progresses (i.e., using the PTD procedure) may be a 
more efficient method of conducting instructional sessions with time delay procedures 
when teaching students with ASD those types of skills (Walker, 2008). 
There are a number of variations that could be used when determining the criteria 
for when to increase the delay interval in the PTD procedure. These variations are based 
on increasing the delay interval either (a) after a set number of sessions or (b) after 
participants achieve a certain accuracy criterion. However, the delay interval also can be 
increased within a session (between trials; not after a full session is completed) after the 
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participant either completes a certain number of trials or achieves a certain criterion of 
correct responses within one session. Alternatively, the delay interval used for each 
stimulus can be increased based on the participant’s responding for each stimulus 
individually (i.e., each stimulus has its own delay interval that is determined by correct 
responding on that specific stimulus regardless of performance on all the stimuli as a 
whole). Furthermore, the delay interval can be decreased if a participant responds 
incorrectly (either once or to some criterion). Given the variety of effective variations, the 
decision regarding which criteria to use to determine when to increase the delay interval 
is neither universally agreed upon nor uniformly implemented among professionals in the 
field. Experimenters have effectively taught a variety of skills to various-aged 
participants with a wide range of abilities through implementations of the PTD 
instructional procedure that represent several procedural variations for increasing the 
delay intervals used in each session (e.g., Lane, Gast, Ledford, and Shepley, 2017; 
Swerdan & Rosales, 2017; Walls, Dowler, Haught, & Zawlocki, 1984). These procedural 
variations can be conceptualized into two categories: response-independent criteria (RIC) 
for increasing the delay interval and response-dependent criteria (RDC) for increasing the 
delay interval. RIC refers to increasing the delay interval after a set number of sessions 
regardless of participant responding. RDC refers to increasing the delay interval after 
participants achieve a certain accuracy criterion as defined by the experimenter.  
Although less common in the literature, studies using a variety of RIC for 
increasing the delay interval have yielded effective results. In these studies, participants 
were between 3 to 43 years old with varied disabilities (i.e., ASD, intellectual disabilities, 
scoliosis, metabolic disorder, cerebral palsy, seizures, cleft palate, developmental delays, 
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intellectual disabilities, attention deficit hyperactivity disorder, and obsessive compulsive 
disorder) and were taught a variety of skills (i.e., functional object identification, labeling 
pictures, identifying colors, labeling numbers, reading words, asking questions related to 
conversational topics, and making beds; Browder, Hines, McCarthy, & Fees, 1984; 
Godby, Gast, & Wolery, 1987; Reichow & Wolery, 2011; Snell, 1982; Swerdan & 
Rosales, 2017). The RIC variations of the PTD procedures used in these studies consisted 
of delay intervals ranging from between 0 to 4 s and 0 to 8 s that gradually increased in 1-
s or 2-s increments after each session or after every two or four sessions regardless of 
participant responding (Browder et al., 1984; Godby et al., 1987; Reichow & Wolery, 
2011; Snell, 1982; Swerdan & Rosales, 2017). 
Other studies have effectively used RIC for increasing the delay interval based on 
the number of trials/responses rather than the number of sessions completed. Hook, 
Hixon, Decker, and Rhymer (2014) used the PTD procedure to teach two first-grade 
students (one student in general education and one with a diagnosis of a speech and 
language impairment) to discriminate between the letters b and d. The PTD procedures in 
this study consisted of delay intervals ranging from 0 to 5 s that gradually increased in 1-s 
increments after every five consecutive responses (i.e., trials) and were decreased by 1 s 
following an incorrect response (Hook et al., 2014).  
Studies using a variety of RDC for increasing the delay interval also have been 
conducted with effective results. Participants ranging from 3 to 56 years old with various 
disabilities (i.e., Prader-Willi syndrome, apraxia, developmental delay, DiGeorge 
syndrome, vision impairment, social-communication delays, specific language 
impairment, intellectual disabilities, Down syndrome, kernicterus, speech and language 
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impairment, ASD, and emotional and behavioral disorder) have been effectively taught a 
variety of skills (i.e., identifying letter names/sounds, labeling shapes, reading words, 
naming peers, naming peer preferences, solving subtraction problems, initiating sharing 
behaviors, using video models on an iPhone to initiate self-instruction for unknown skills, 
arbitrary key-pressing tasks, categorizing items, identifying numbers, assembling an 
electric drill, assembling a lawn mower engine, assembling a bicycle brake, assembling 
an electric mixer, increasing spontaneous speech, using the word “What?” to request 
information, and structuring leisure time by following an activity schedule on an iPod 
touch) using RDC variations of the PTD procedure (Braam & Poling, 1983; Carlile, 
Reeve, Reeve, & Debar, 2013; Charlop, Schreibman, & Thibodeau, 1985; Lane et al., 
2017; Ledford, Chazin, Harbin, & Ward, 2017; McCurdy, Cundari, & Lentz, 1990; Roy-
Wsiaki, Marion, Martin, & Yu, 2010; Smith et al., 2015; Touchette, 1971; Touchette & 
Howard, 1984; Walls et al., 1984). The RDC variations of the PTD procedures used in 
these studies consisted of delay intervals ranging from between 0 to 2 s and 0 to 10 s that 
gradually increased in either 0.5-s, 1-s, or 2-s increments either (a) after participants 
achieved 100% prompted or unprompted correct responses for one session (Lane et al., 
2017; Ledford et al., 2017; Smith et al., 2015), (b) after each correct response and 
decreased following each incorrect response (Touchette, 1971), (c) after the participant 
achieved 15 consecutive unprompted correct responses (Braam & Poling, 1983), (d) after 
participants achieved four prompted or unprompted correct responses and decreased 
following two consecutive incorrect responses before the prompt (Touchette & Howard, 
1984), (e) after participants achieved 100% prompted or unprompted correct responses 
for three consecutive trials (not sessions; Charlop et al., 1985), or (f) after participants 
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achieved two prompted or unprompted correct responses and reverted back to 0 s after 3 
consecutive errors (McCurdy et al., 1990). These RDC variations also included (a) delay 
intervals that gradually increased in 1-s increments for a given step of the task after a 
participant performed that particular step correctly before the prompt and decreased by 1 
s for a given step after a participant performed an incorrect response on that particular 
step (Walls et al., 1984), (b) delay intervals ranging from 0 to 4 s that gradually increased 
in 2-s increments within sessions (not after sessions) after the participant achieved certain 
performance criteria (i.e., independent responses or responses requiring partial prompts) 
and that decreased in 2-s increments within sessions after the participant displayed certain 
performance criteria (i.e., two trials of errors or requiring full prompts; Roy-Wsiaki et al., 
2010), and (c) delay intervals ranging from 0 to 4 s that gradually increased in 2-s 
increments after participants achieved one day of 100% prompted or unprompted correct 
responses (sessions were conducted one-to-three times daily) and were decreased for 
certain stimuli following incorrect responses (Carlile et al., 2013). In the Carlie et al. 
study, following an error response, “on the next session during which that schedule 
appeared, there was a return to a 0-s time delay only on the component in which the error 
occurred, followed by a return to the previous time delay on the following session” 
(Carlile et al., 2013, p. 42).  
In 2016, Daly et al. utilized a combination of RIC and RDC for increasing the 
delay interval to teach sight word reading to three second-grade general education 
students with reading difficulties. The PTD procedures in this study consisted of delay 
intervals ranging from 0 to 9 s that gradually increased in 3-s increments based on RIC 
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for the first half of the delay intervals and based on RDC for the second half of the delay 
intervals (Daly et al., 2016).  
Casey (2008) executed a study to compare the efficiency of two variations of the 
PTD procedure when teaching sight word reading to five 8-to-18-year-old participants 
with cognitive delays and mild to moderate intellectual disabilities. The first variation, 
within-session PTD, utilized RDC that consisted of altering (increasing or decreasing) the 
delay interval between trials (in the same session) based on the participants’ correct and 
incorrect responses to specific stimuli (Casey, 2008). The second variation, across-
session PTD, utilized RIC and consisted of increasing the delay interval after a 
predetermined number of trials (i.e., after each session) so that each trial in a given 
session had the same delay interval (Casey, 2008). However, numerous methodological 
issues prevent the drawing of any reliable conclusions from this study.  
Given the quantity of existing variations of the PTD procedure, the decision to 
use one procedural variation over another should reflect each variation’s effectiveness 
in terms of establishing stimulus control as well as its overall efficiency (e.g., the 
number of sessions needed to reach criterion, the time needed to reach criterion, the 
percentage of participant errors, the extent of maintenance, the extent of 
generalization, etc.) as critical factors. A reliable method for determining the efficiency 
of variations of an instructional procedure is to conduct and analyze comparative research 
studies. Research in the field of special education and behavior analysis has revealed that 
experimenters have effectively taught a variety of skills to various-aged learners with a 
wide range of abilities through implementations of the PTD instructional procedure that 
represent several procedural variations for increasing the delay intervals used in each 
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session. However, instructional texts outlining the PTD procedure have indicated that 
there is not any research that compares the various ways to schedule delay intervals in the 
PTD procedure, so instructors are forced to make an arbitrary decision regarding which 
variation to implement (Ledford et al., 2019; Wolery et al., 1992). Furthermore, a review 
of research studies utilizing the PTD procedure that were implemented and published in 
special education journals over the previous 50 years did not reveal any studies 
comparing variations of the PTD procedure other than Casey’s 2008 study comparing 
within- and across-session PTD. The lack of research in this area, paired with the need 
for special education teachers to implement the most efficient instructional strategies for 
learners with significant skill deficits during students’ finite time in school, suggests a 
need for future research to extend the empirical evidence pertaining to the relative 
effectiveness and efficiency of RIC and RDC variations of the PTD instructional 
procedure. The purpose of the present study to is to compare the relative efficiency of 
RIC and RDC variations of the PTD instructional procedure.  
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Section 2: Research Question 
What are the differential effects of RIC and RDC for increasing to the next delay 
interval in the progressive time delay procedure when teaching expressive word 
identification to elementary-aged boys with moderate to severe disabilities (e.g., ASD, 
Down syndrome, intellectual disability), language impairments, and reading deficits? 
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Section 3: Method 
Participants 
Students. Four students were recruited for this study. The inclusion criteria were 
as follows: (a) no more than 10 years old (to minimize their learning history with either 
variation of the PTD procedure); (b) receiving special education services in a public 
elementary school; (c) at risk for or diagnosed with a developmental or intellectual 
disability, as specified in the IEP; (d) goals/objectives related to expressive labeling or 
reading skills (per the IEP); (e) the classroom teacher indicated the student required 
additional instruction on the targeted skill; (f) have an identified reinforcer; (g) have a 
history of attending at least 80% of school days within the previous 2 months; and (h) 
have parental permission to participate in the program. Additionally, participants had to 
have the prerequisite skills needed to learn the target skill, which included the abilities to 
(a) attend to instructional materials for 5 min, (b) attend to visual stimuli, (c) follow one-
step verbal directions, and (d) vocally imitate two-word phrases. Participants also had to 
have adequate hearing and vision (i.e., participants had to be able to discriminate visual 
stimuli when given text printed in Times New Roman or Arial size 60 font in black or 
blue ink on white paper sized on a 7.62 cm by 12.7 cm white index card). Participants 
were only included if they would not wait for assistance when the answer was unknown; 
this inclusion criterion was specified because, if participants were to consistently wait 
when the answer was unknown, participants would progress through the delay intervals at 
the same rate regardless of the variation used and, thus, differences in the efficiency of 
the variations would likely be masked. Additionally, when time delay procedures are 
used with students who do not wait, the procedure becomes similar to error correction, 
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which is not an evidence-based instructional procedure for the target population; thus, 
research to determine the most efficient PTD variation for students who do not yet 
demonstrate a wait response is warranted. The implementer assessed each participant’s 
ability to perform these prerequisites through conducting an interview with their teacher 
followed by conducting two 1-hour informal observations (with anecdotal notes) of the 
participants during their typically-scheduled classroom instruction before the start of the 
program. During the interview with their teacher, the implementer identified potential 
participants who met the inclusion criteria. During the observations, the implementer 
used a checklist to determine each potential participant’s ability to perform the 
prerequisite skills and assessed which potential participants met all the requirements to be 
included in the study. There were three students in Mrs. Kean’s class who met all the 
criteria and one student from another special education classroom (who spent some time 
in Mrs. Kean’s classroom in the mornings) who met the criteria; these four students were 
all included as participants in the study.  
Henry was a 5-year-old Caucasian male with Down syndrome who was classified 
as having a mild intellectual disability. Henry was in kindergarten and received special 
education services in a resource room for approximately half of the school day and 
participated in the general education classroom for the remainder of the day. He 
expressively communicated via one-to-four word verbal utterances for a variety of 
purposes (e.g., requesting, greeting, protesting, describing). Henry had communication 
impairments pertaining to language and articulation. He had difficulty pronouncing 
words containing blends and the intelligibility of his speech when using multiple words 
was compromised due to his difficulty coordinating muscle movements and timing for 
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speech production. Receptively, Henry could follow single-step directions and was in the 
fourth percentile for overall nonverbal cognitive ability. He had an IEP goal related to 
pronouncing all phonemes of words without cluster reduction or final consonant deletion 
as well as a goal for pronouncing multisyllabic words. He received speech language 
therapy (25 min sessions 7 times per month). Henry’s reading skills consisted of the 
ability to identify some letter names and sounds (17 uppercase letters, 12 lowercase 
letters, and 12 letter sounds). He scored in the 22nd percentile (score of 139) on the 
Winter MAP assessment for reading. Henry had IEP goals related to identifying letter 
names and sounds, but had not received any instruction on identifying or reading words. 
He had received various forms of discrete skill instruction, but had no history with 
instruction using the PTD procedure prior to the study. Throughout his school day, he 
used a token economy on a visual chart for appropriate behaviors and following 
directions when behavior warranted. However, his behaviors were appropriate throughout 
the study and his chart was not implemented during this study.  
Zayn was a 6-year-old Caucasian male with ASD. Zayn was in kindergarten and 
received special education services in a resource room. Zayn attended school for the first 
half of the school day and then left school to receive applied behavior analysis therapy 
services at a clinic for the second half of the day. Zayn was identified as functionally 
nonverbal. He could expressively communicate via one-to-three word verbal utterances 
to express wants, but did not communicate for other purposes (e.g., greeting, describing, 
commenting, questioning). He mainly communicated via vocalizations, physical 
manipulation (i.e., guiding an adult’s hand to what he wanted), and verbal scripting. At 
the time of the study, Zayn was starting to use a low-tech communication board that 
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represented the LAMP communication board layout in order to prepare him for an 
electronic communication device. Receptively, Zayn could respond to single-step verbal 
directions, but had greater accuracy when the verbal direction was paired with a visual 
prompt. He had IEP goals related to using multi-word sentences (verbally or with a 
communication board) to (a) express wants and needs and (b) describe an item or action 
when provided models and visual supports. He also had an IEP goal related to following 
one-to-two step verbal directions with embedded concepts (e.g., sequence, location, 
quantity). He received speech language therapy (30 min sessions once a week). The 
Kaufman Assessment Battery for Children: Second Edition (KABC-II) NU indicated an 
overall cognitive functioning score in the Well Below Average range (SS=57) for Zayn, 
which indicated performance at or above less than 1% of his same-age peers. Zayn had a 
strength in rote memorization of words. His reading abilities consisted of the ability to 
identify all letter names and sounds and read stories written on his grade-level. However, 
he had difficulty comprehending and applying what he read and could not demonstrate 
comprehension of words by matching words to pictures or answering comprehension 
questions about what he read (25% accuracy). He had an IEP goal related to matching 
pictures to their corresponding grade-level sentences. The KTEA-3 assessment indicated 
that Zayn performed in the 10th percentile (score of 81) for letter and word recognition 
and performed in the Significantly Below Average range (score of 56) for reading 
comprehension. Zayn had received various forms of discrete skill instruction, but had no 
history with instruction using the PTD procedure or other time delay procedures (e.g., 
CTD) prior to the study. Throughout his school day, he used a first-then work system in 
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whole group activities and used a token reward system with five tokens in the resource 
room. His token reward system was used in the study. 
Darrien was a 7-year old African American male with an intellectual disability. 
Darrien was in second grade and received special education services in a resource room 
for the majority of the school day. He participated in elective classes (e.g., gym) with his 
general education peers. Darrien communicated verbally with multi-word phrases for a 
variety of purposes (e.g., requesting, commenting, describing, questioning), but had 
communication impairments pertaining to articulation and language. Darrien had 
difficulty pronouncing s, z, ch, sh, and j sounds. His sentences did not have age-
appropriate syntax or semantics, were lacking articles, and contained errors with 
pronouns and verbs. Receptively, Darrien could follow single-step directions, but often 
required additional cues when given one-to-two step verbal directions. He had an IEP 
goal related to pronouncing /s/ and /z/ as initial or final consonants in words and reducing 
stridency deletion (i.e., removing or substituting sounds that require constricting areas of 
the mouth and forcing air through; these sounds include  f, v, sh, ch, j, s, and z). He 
received speech language therapy (25 min sessions 7 times per month). The KABC-II 
assessment’s Nonverbal Index (NVI) indicated that Darrien was in the first percentile for 
his age group (score of 55), which is in the Well Below Average range. He scored in the 
Below Average range for various subtests assessing conceptual thinking, pattern 
reasoning, and story completion. Darrien’s reading skills consisted of some letter 
identification. Darrien had difficulty expressively identifying letter names (38% 
accuracy) and could identify most letter names when receptively selecting from a field of 
three (88% accuracy). He had an IEP goal related to identifying letter names and sounds, 
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but had not received any instruction on identifying or reading words. He had received 
various forms of discrete skill instruction, but had no history with instruction using the 
PTD procedure or other time delay procedures (e.g., CTD) prior to the study. Darrien had 
a first/then chart and a behavior chart in the resource room and was easily distracted. 
During the study, the implementer and Darrien made a verbal first-then agreement prior 
to each session as a means of motivating Darrien to keep his attention on the task.   
Leonardo was a 10-year-old Caucasian male with ASD. Leonardo was in fifth 
grade and received special educations services in a resource room for the majority of the 
school day. He participated in elective classes (e.g., science) with his general education 
peers. Leonardo expressively communicated verbally using one-to-five word utterances 
for the purpose of expressing wants and needs (i.e., requesting). He could form a sentence 
about a picture with below grade-level grammar and syntax. He often used scripting of 
rote phrases or things he enjoys and, when scripting memorized content from videos or 
books, he communicated in longer sentences with appropriate syntax. He could also use 
some scripts functionally. Leonardo could use plurals, possessive nouns, and present 
progressive tense (i.e., -ing) with familiar words and subjects, but had language 
impairments related to using language for a variety of purposes other than requesting 
(e.g., conversing, questioning, commenting, describing). Receptively, Leonardo could 
follow multi-step familiar verbal directions and single-step unfamiliar verbal directions. 
The Vineland Adaptive Behavior Scales, Third Edition, Teacher Rating Form indicated 
that Leonardo was in the Well Below Average range in the communication domain (score 
of 46) and the KBAC-II MPI indicated that he was in the 14th percentile (score of 84), 
which is in the Below Average range. Leonardo had an IEP goal related to responding 
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using words to express emotions or thoughts when given a task or denied a request. He 
also had an IEP goal related to answering who, where, and what questions about a 
picture. He received speech language therapy (25 min sessions 7 times per month). 
Leonardo’s reading skills consisted of (a) matching one-to-two syllable words to their 
corresponding pictures, (b) reading simple directions and performing the requested task, 
and (c) reading fluently at his grade level (5th grade) with 90-100% accuracy. However, 
Leonardo had made minimal progress with answering comprehension questions on a 1st 
grade level (12% accuracy) and determining the main idea of first grade reading materials 
(32% accuracy) even with pictures and visual prompts. The 2018-2019 Kentucky 
Performance Rating for Educational Progress (KPREP) state assessment indicated that 
Leonardo performed at the Novice level in reading. The MAP Reading assessment 
indicated that he was performing in the 1st percentile for his age group (score of 155) 
whereas the KTEA-3 Reading Comprehension subtest indicated that he performed in the 
4th percentile (score of 73), which is in the Below Average range. Leonardo had IEP 
goals related to retelling a story with picture supports and also identifying functional 
sight words and community signs and their corresponding meanings across a variety of 
reading materials. Leonardo had received various forms of discrete skill instruction, but 
had no history with instruction using the PTD procedure. He did, however, have limited 
exposure to the CTD procedure. Leonardo was typically provided rewards and breaks 
throughout his school day and behavior de-escalation strategies were implemented as 
needed. Sessions in the study were short enough that he could complete a session before 
earning a break and additional reinforcement was necessary.  
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Implementer. The investigator was a second-year graduate student working 
towards a teacher leader master’s degree in special education for moderate and severe 
disabilities. The investigator had experience working as a paraprofessional in a middle 
school special education classroom and experience implementing instructional programs 
with students with disabilities. She had experience teaching various discrete academic 
skills to students using the PTD instructional procedure. Prior to the study, the 
investigator had not worked with any of the participants; in order to familiarize the 
participants with her presence and reduce adaptation threats caused by the novelty of a 
new adult in their learning environment, the investigator introduced herself and interacted 
with participants for 4 hours across approximately 2 weeks prior to the start of the study. 
The interactions consisted of play during recreation-leisure time and helping implement 
instruction for some of the participants’ IEP goals.  The investigator implemented all of 
the sessions.  
Secondary Data Collector. Reliability data were collected by the participants’ 
special education teacher, Mrs. Kean. Mrs. Kean was a 39-year-old female with a 
master’s degree in special education and a Rank I teaching certification in special 
education for moderate and severe disabilities. She had taught in special education 
classrooms for 16 years (8 years at the high school level and 8 years at the elementary 
level) with students representing a wide range of significant disabilities including 
students with ASD, Down syndrome, and intellectual disability. Mrs. Kean had been the 
primary special education teacher for Zayn since the beginning of the school year 
(approximately 6 months), for Leonardo for 1 academic year, and for Darrien for 3 
academic years. Although not the primary special education teacher for Henry, Mrs. 
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Kean had interactions with him in her classroom since the beginning of the school year 
(approximately 6 months). Mrs. Kean had experience using time delay procedures (i.e., 
CTD and PTD) almost daily throughout all 16 years of her teaching career as well as 
while implementing instructional programs during her time in college. Her experiences 
with time delay procedures have primarily been related to teaching academic content 
(e.g., reading, math). Mrs. Kean also had experience collecting reliability data for three 
other research studies.   
Instructional Setting and Arrangement 
Sessions across all conditions were implemented in a special education resource 
classroom located at a public suburban elementary school. Sessions for Henry, Darrien, 
and Leonardo occurred in the sensory room attached to the classroom. The instructional 
arrangement used for all sessions consisted of a one-on-one arrangement in which a 
participant sat on one side of a student desk and the implementer sat on the other side of 
the desk. The participants always sat with their backs facing the door. The door was 
closed for all sessions conducted with Henry and Darrien. However, per his own request, 
the door was left open for sessions conducted with Leonardo. During these sessions there 
were either no other students in the sensory room or one student on a beanbag in the back 
of the room. There were not any other adults in the sensory room unless Mrs. Kean was 
present for reliability data collection. During sessions in which reliability data were 
collected, Mrs. Kean sat in a chair positioned diagonal to the desk in order to be close 
enough to hear and observe the session while remaining out of the participant’s direct line 
of sight. Sessions for Zayn occurred at a table in the back of the special education 
classroom because he had anxiety about being in the sensory room. The instructional 
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arrangement used for all sessions consisted of a one-on-one arrangement in which Zayn 
sat on one side of a table and the implementer sat either on the other side of the table (i.e., 
directly across from Zayn) or around the corner of the table (i.e., perpendicular to Zayn). 
Zayn was given a choice of completing sessions while seated in a standard chair or an 
adapted wooden chair; sessions were completed in both types of chairs, depending on his 
choice each day. During all sessions, there were between four and eight other students 
and between one and five other adults in the room who did not participate in the sessions; 
Zayn’s chair was positioned with his back toward these other people as much as possible 
to help control for distractions. During sessions in which reliability data were collected, 
Mrs. Kean sat in a chair positioned diagonal to the table or on the opposite side of the 
implementer in order to be close enough to hear and observe the session while remaining 
out of Zayn’s direct line of sight.  
Sessions across all conditions were implemented during the school day. Screening 
sessions were conducted three times a day (the three sessions conducted on the same day 
contained different words). Probe sessions were conducted once a day. Comparison 
condition sessions were conducted two times per day. However, Henry, Zayn, and 
Darrien each experienced one day in which three sessions were conducted on the same 
day. Screening and probe sessions were conducted on weekdays between 8:00 a.m. and 
10:00 a.m. Comparison condition sessions were conducted on Mondays, Wednesdays, 
and Fridays between 8:00 a.m. and 10:00 a.m. However, Henry and Darrien each 
received intervention sessions on a Tuesday during their first week of intervention due to 
school being closed during their scheduled session date the prior Monday.  
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Materials and Equipment 
The main materials used were the target stimuli and the data-recording materials. 
The stimuli were words, each of which were presented in three formats: (a) typed in size 
60 Times New Roman font and printed in black ink on white paper, (b) typed in size 60 
Arial font and printed in blue ink on white paper, and (c) handwritten font approximately 
the same size as the typed stimuli in black pen on white paper. Each word was cut 
laminated on a 7.62 cm by 12.7 cm white index card. A timer on the implementer’s 
iPhone was used to time the sessions. Various types of data sheets were used for 
screening, probe sessions, intervention sessions, and reliability data collection. A 
mechanical pencil was used to record data.  
In addition to the targeted stimuli and data-recording materials, other participant-
specific materials were also used. Zayn had access to his paper communication board 
(i.e., a laminated sheet of paper that represented the LAMP communication board layout) 
and a token reward system was used with him during the study. The token reward system 
consisted of a laminated sheet of paper with (a) a row of detachable pictures of reinforcer 
options that were attached to the right side of the paper via Velcro, (b) a large square at 
the top with Velcro for placing a picture of his desired reinforcer for that session, (c) a 
row of five squares with Velcro in the middle of the page for placing earned tokens, and 
(d) a row of five squares with Velcro on the bottom of the page that each had unearned
tokens attached to them. The tokens were small square pictures of some of Zayn’s 
preferred items. Reinforcers used for Zayn included trains, markers, picture cards, letter 
cards, and other small toys. Reinforcers used for Henry included toast and socializing 
with his friends in the classroom for a few minutes. Reinforcers used for Darrien included 
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drawing materials, action figures, and stuffed animals. All reinforcers used for Zayn, 
Henry, and Darrien were selected by the participants prior to conducting sessions. Breaks 
from working were used as reinforcement for Leonardo; during these breaks, he had 
access to anything in the recreation/leisure area of the classroom.  
Dependent Variable 
The dependent variable was the percentage of words named independently by 
participants. Naming a word was defined as the student verbally pronouncing the word 
within 5 s of the presentation of the written word (or within the designed delay interval 
for a given session). Examples included saying the complete word or, in the case of 
articulation difficulties, saying an approximation of the word. Acceptable approximations 
consisted of a sound being dropped (e.g., dropping the end sound of a word) or 
pronounced incorrectly (e.g., the child produces the consonant-vowel combination that 
most closely resembles the word he/she is trying to say) when the proper sound 
combination was unable to be articulated as long as the approximated word resembled the 
target word enough to be recognized by the implementer and the approximated word did 
not resemble another word. Non-examples of responses included (a) saying a word other 
than the correct word, (b) saying the word with one or more additional syllables added, 
(c) saying an approximation of a word that resulted in the approximation sounding like
another existing word, and (d) not saying a word. A response was not considered 
incorrect based on a participant’s ability to properly articulate a word (i.e., a response in 
which a student verbalizes the correct word with poor articulation was considered a 
correct response).  
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Data collection. Data were collected by the implementer during all sessions. Data 
were collected on the participants’ responses using a trial-based event recording system. 
Participant responses during probe and control sessions were scored as unprompted 
correct, unprompted incorrect, and no response. Participant responses during RIC and 
RDC sessions were scored as unprompted correct, unprompted incorrect, prompted 
correct, prompted incorrect and no response. An unprompted correct response was 
defined as the participant saying the correct word before the prompt (for RIC and RDC 
sessions) or within 5 s of the presentation of the stimulus (for probe and control sessions). 
An unprompted incorrect response was defined as the participant saying something other 
than the correct word before the prompt (for RIC and RDC sessions) or within 5 s of the 
presentation of the stimulus (for probe and control sessions). A prompted correct 
response was defined as the participant saying the correct word within 5 s after the 
prompt. A prompted incorrect response was defined as the participant saying something 
other than the correct word within 5 s after the verbal prompt. No response was defined 
as the participant not saying anything within 5 s (for probe and control sessions) or not 
saying anything within 5 s after the prompt (for RIC and RDC sessions). Data sheets for 
each condition are included in the Appendices. Data were collected one to three times per 
day, depending on the session type, for 2-3 days a week across 6 weeks.  
Procedures 
Screening procedures. Screening sessions were conducted prior to 
implementation of the study in order to identify unknown stimuli for each participant. 
The skill to be taught was selected based on teacher request (i.e., the participants’ special 
education teacher identified all four participants as requiring further instruction on the 
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target skill). The specific stimuli screened were based on the teacher’s recommendation 
and were slightly more difficult than each participant’s current performance level in order 
to minimize history threats and reduce the possibility that participants would receive 
instruction outside of the study that would influence the acquisition of the targeted 
stimuli. A letter was sent home to the parents of all participants to gather parental input 
on the selected words to be taught; parents agreed with the words identified by the 
teacher and none of the parents suggested any other words to be taught. The implementer 
aimed to generate a collection of nine unknown words for each participant, so the 
implementer selected 18 of the words that the teacher and the implementer determined to 
be most relevant to the participants’ current and future environments and screened those 
words (referred to as screening stimuli).  
Across all participants, each screening session consisted of one trial per each of 
six screening stimuli as well as two intermixed trials of known stimuli, for a total of eight 
trials per session. The screening stimuli targeted in each screening session were pre-
determined to ensure that, upon completion of the six screening sessions, the 18 stimuli 
targeted for screening were each assessed twice. All screening sessions were conducted 
in a one-on-one arrangement. The implementer conducted six screening sessions across 2 
days with Henry, Zayn, and Darrien. The implementer planned to conduct six screening 
sessions across 2 days with Leonardo, but after three sessions on the first day, Leonardo 
had correctly identified 14 of the 18 words. Since Zayn and Leonardo were both able to 
read more than half of the words assessed in their screening sessions, the implementer 
conducted six additional screening sessions with a new set of words across 2 days with 
these two participants. 
25 
Screening sessions were conducted in the following manner. Prior to each 
screening session, the implementer set up reinforcement with the participant: (a) Henry 
chose something to work for, (b) the implementer set up Zayn’s token system and Zayn 
selected a reinforcer option to place on the chart, (c) Darrien chose either drawing 
materials or a toy, which was placed next to the implementer within Darrien’s view, and 
then Darrien and the implementer made a verbal first/then agreement indicating that 
Darrien will do his work first and then get the toy, and (d) Leonardo was shown how 
many piles of words he had to work on before earning a break. The implementer then 
explained the task to the participant. At the beginning of each screening session, the 
implementer secured the participant’s attention by delivering a general attending cue 
(e.g., telling the participant to “Show you’re ready”, directing the participant to look at 
the implementer or the materials). When the participant’s attention was secured (e.g., 
answered “okay” to directive, looked at either the implementer or the materials), the 
implementer provided praise (e.g., said “Good job getting ready to work”) and then 
provided the task direction. The task direction provided was “I am going to hold up some 
cards and you tell me what it says” (for first trial) or “What word?” (for subsequent 
trials). Immediately following the task direction, the implementer held up a card with a 
word on it (i.e., the target stimulus). The implementer provided a 5-s response interval 
and then provided consequences based on the participant’s responding. The implementer 
responded to unprompted correct responses by providing descriptive praise and then 
proceeding to the next trial. The implementer responded to unprompted incorrect 
responses by saying nothing or providing a neutral comment (e.g., “Okay,” “Let’s keep 
going”) and proceeding to the next trial. When the participant provided no response, the 
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implementer responded in the same manner as designated for an unprompted incorrect 
response. The implementer periodically provided behavior-specific praise for attending 
and general working behavior (e.g., “Nice job staying in your seat while we are 
working”) on a VR3 schedule of reinforcement. If the participant wanted help with an 
unknown word, the implementer told the participant that they could learn that word later 
and then proceeded to the next word. A new trial was presented after a 1-3-s inter-trial 
interval. At the end of the session, the implementer provided descriptive verbal praise and 
the participant earned access to his reinforcer. A copy of the data sheet used for screening 
sessions is included in Appendix A: Screening Sessions Data Sheet.  
After screening sessions were conducted with each participant, the implementer 
reviewed the data for each participant to identify unknown words. The criteria to include 
a stimulus in the study was 0% correct responses across two screening sessions. 
Therefore, for each participant, the implementer identified all of the words for which the 
participant provided incorrect responses across all screening sessions and labeled those 
words as unknown for that participant. The unknown words were then analyzed to 
determine which to include in the study. Words were selected to be functionally similar 
(i.e., likely to have the same sensitivity to the intervention) yet functionally independent 
(i.e., learning one would likely not influence the learning of another). The words were 
divided into different stimulus sets of equal difficulty, as determined through a logical 
analysis of the words’ characteristics. Each word was compared based on perceptual 
features (e.g., discriminations and shared characteristics among words) and observable 
actions (e.g., motor movements involved in the vocal production of the words). Selected 
words were similar in length (i.e., contained a similar number of letters and syllables), but 
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dissimilar in regard to the number of shared characteristics between them (i.e., contained 
various initial consonants; had limited redundant letters across words). Two pools of nine 
unknown words were generated: one pool of words contained one syllable, three or four 
letter sight words that were assigned to Henry and Darrien (who did not have any sight 
word knowledge prior to the study) and the other pool of words contained two-to-four 
syllable, six-to-twelve letter sight words that were assigned to Zayn and Leonardo (who 
knew a larger variety of sight words prior to the study). Three target words were assigned 
to each condition. The words in each pool were randomly assigned to intermixed stimulus 
sets so that (a) word sets assigned to each condition for Henry and Darrien contained one 
three-letter word and two four-letter words and (b) word sets assigned to each condition 
for Zayn and Leonardo contained one two-syllable word, one three-syllable word, and 
one four-syllable word. Words were counterbalanced across participants and across 
strategies (i.e., RIC, RDC, and control conditions). The targeted stimuli assigned to each 
set for each participant is displayed in Table 1: Targeted Stimuli.  
Targeted Stimuli 











































Table 1. Targeted Stimuli
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Probe procedures. A probe condition was implemented prior to the comparison 
condition. An additional probe condition would have been implemented following the 
comparison condition, but schools were closed for the remainder of the school year due 
to a viral global pandemic prior to participants’ completion of the comparison condition. 
There were three probe sessions conducted for each participant during the initial probe 
condition; sessions were conducted one time a day for 3 days over the course of 1 week 
and not all three sessions were on consecutive days. During sessions, all sets of stimuli 
(i.e., stimuli assigned to be taught through implementation of each variation of the PTD 
procedure as well as stimuli assigned to the control condition) were intermixed (rather 
than presented in separated sets). Each probe session consisted of two trials per each of 
the nine targeted stimuli (i.e., three stimuli targeted with the RIC, three stimuli targeted 
with the RDC, and three stimuli assigned to the control condition) as well as six 
intermixed trials of known stimuli, for a total of 24 trials per session. Probe sessions were 
conducted eight trials at a time and participants were given a short break after each set of 
eight trials if needed. The known stimuli intermixed for Henry and Darrien were letters 
they could identify (e.g., D, H, S, W). The known stimuli intermixed for Zayn and 
Leonardo were the other participants’ targeted stimuli (e.g., boy, hot, down, fire), which 
were words that both Zayn and Leonardo had provided 100% correct responses to across 
two screening sessions. All participants consistently provided correct responses for 
known stimuli across all probe sessions. A copy of the data sheet used for probe sessions 
is included in Appendix B: Probe Sessions Data Sheet. 
Additionally, probe sessions with stimuli assigned to the control condition were 
intermittently implemented throughout the comparison condition. In the comparison 
29 
condition, probe sessions for stimuli assigned to the control condition were alternated 
with RIC and RDC session. The randomization was structured so that, for each set of 
three sessions, there was one session of each session type (RIC, RDC, and control 
condition sessions) and there were no more than two consecutive sessions of the same 
type. These probe sessions consisted of three trials per each of three targeted stimuli, for 
a total of nine trials per session. The three trials for each target word consisted of the 
word presented in three formats: (a) typed in size 60 Times New Roman font and printed 
in black ink on white paper, (b) typed in size 60 Arial font and printed in blue ink on 
white paper, and (c) handwritten font approximately the same size as the typed stimuli in 
black pen on white paper. A copy of the data sheet used for probe sessions of the control 
condition is included in Appendix C: Instructional Sessions Data Sheet. 
Procedures for all probe sessions were identical and were implemented in the 
same manner as screening sessions.  
Comparison procedures. Following the initial probe condition, a comparison 
condition was implemented in which each variation of the PTD procedure (RIC and 
RDC) was applied to its respective set of assigned stimuli in alternating sessions along 
with intermittent control condition probe sessions. The order of the implementation of 
RIC, RDC, and control condition sessions was randomized so that, for each set of three 
sessions, there was one session of each session type and there were no more than two 
consecutive sessions of the same type. The ordering of sessions was individually 
randomized for each participant so that no two participants experienced the same order of 
sessions in the comparison condition. 
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Each RIC and RDC session consisted of three trials per each of three targeted 
stimuli, for a total of nine trials per session. The three trials for each target word consisted 
of the word presented in three formats: (a) typed in size 60 Times New Roman font and 
printed in black ink on white paper, (b) typed in size 60 Arial font and printed in blue ink 
on white paper, and (c) handwritten font approximately the same size as the typed stimuli 
in black pen on white paper. Instructional sessions (i.e, RIC, RDC, and control sessions) 
were conducted twice a day on Mondays, Wednesdays, and Fridays (unless a participant 
was absent) with two exceptions: (1) Henry, Zayn, and Darrien each experienced one day 
in which three sessions were conducted on the same day and (2) Henry and Darrien each 
received intervention sessions on a Tuesday during their first week of intervention due to 
school being closed during their scheduled session date the prior Monday. Instructional 
sessions were conducted with Henry and Darrien for 4 weeks and were conducted with 
Zayn and Leonardo for 3 weeks before the school closed for the remainder of the school 
year due to a viral pandemic.  
Across all sessions in the comparison condition, all variables other than the 
procedural differences in the variations of the PTD procedure (i.e., the criteria to increase 
the delay interval) were held constant. During sessions, the PTD instructional procedure 
was implemented in the following manner. Prior to each session, the implementer set up 
reinforcement with the participant in the same manner as that of screening sessions. The 
implementer then explained the task to the participant; for RIC and RDC sessions, the 
implementer told the participants that (a) if they knew the word, say it or (b) if they did 
not know it, wait and she will help them. When explaining this to Henry and Darrien, the 
implemented clarified that when they did not know, they should wait with a quiet mouth 
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and not say anything and then she will tell them the answer. At the beginning of each 
instructional session, the implementer secured the participant’s attention by delivering a 
general attending cue. When the participant’s attention was secured, the implementer 
provided praise and then provided the task direction. The task direction provided was, “I 
am going to hold up some cards and you tell me what it says” (for first trial) or “What 
word?” (for subsequent trials). Immediately following the task direction, the implementer 
held up a card with a word on it (i.e., the target stimulus). The implementer then either 
immediately provided the controlling prompt (during sessions in which a 0-s delay 
interval was utilized) or waited the designated delay interval (between 1 and 4 s) before 
providing the controlling prompt and giving the participant that same time interval 
(between 1 and 4 s) to respond to the prompt. Possible participant responses (unprompted 
correct, unprompted incorrect, prompted correct, prompted incorrect, and no response) 
are defined above under the sections Dependent Variable and Data Collection. The 
implementer then provided consequences based on the participant’s responding. The 
implementer responded to unprompted correct responses and prompted correct responses 
by providing descriptive praise (e.g., “Great job reading; that word says xxx”) and then 
proceeding to the next trial. For Henry and Darrien, high fives were paired with the 
praise, which was delivered with emphasized enthusiasm; this was added to increase 
attention and motivation because these participants had never been exposed to learning 
words before and were easily distracted. The implementer responded to unprompted 
incorrect responses by reminding the participant to wait if he didn’t know the answer 
(e.g., “Wait if you don’t know and I’ll help you”) followed by telling the participant the 
correct answer (e.g., “This word is xxx”) before proceeding to the next trial. The 
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implementer responded to prompted incorrect responses by telling the participant the 
correct answer (e.g., “This word is xxx”) and then proceeding to the next trial. When the 
participant provided an unprompted no response, the implementer responded in the same 
manner as designated for a prompted incorrect response. A new trial was presented after 
a 1-3-s inter-trial interval. At the end of the session, the implementer provided descriptive 
verbal praise and the participant earned access to his reinforcer. There was one day 
(sessions 12 and 13) in which Zayn had lost access to morning free-time due to behavior 
that occurred prior to the session, so his token system was not used that day; instead, he 
used a visual schedule depicting the work he had to do that morning and was directed 
back to his work after the session. There was also one day (session 19) in which Darrien 
did not earn access to his reinforcer due to inappropriate behavior during the session and 
was directed to his desk after the session to wait until it was time for the next activity. A 
copy of the data sheet used for instructional sessions is included in Appendix C: 
Instructional Sessions Data Sheet. 
Throughout the instructional sessions, the delay interval between the task 
direction and the controlling prompt was increased in 1-s increments, starting at 0 s and 
ending with a terminal delay of 4 s. Following the 0-s delay interval, all subsequent delay 
intervals were introduced based on the criteria specified for each variation of the PTD 
procedure. When the participant reached the 4-s delay interval, this interval length 
remained in effect until the participant reached the criterion of completing three 
consecutive sessions with 100% unprompted correct responses. 
Response-independent variation of PTD procedure. All sessions were 
implemented as described. The delay interval started at 0 s and gradually increased in 1-s 
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increments after each session (regardless of participant responding) until a terminal delay 
interval of 4 s was reached. The 4-s interval remained in effect until the participant 
reached the criterion of completing three consecutive sessions with 100% unprompted 
correct responses.  
Response-dependent variation of PTD procedure. All sessions were 
implemented as described. Participants were required to complete one session with 100% 
prompted correct responses with the 0-s delay interval before the delay interval increased. 
Following the 0-s delay session(s), a 1-s delay interval was implemented. The delay 
interval gradually increased in 1-s increments only if the participant achieved 100% 
prompted or unprompted correct responses until a terminal delay interval of 4 s was 
reached. If the criterion was not met, the same delay interval was implemented until 
100% prompted or unprompted correct responses occurred. The 4-s interval remained in 
effect until the participant reached the criterion of completing three consecutive sessions 
with 100% unprompted correct responses.  
 Experimental Design 
An adapted alternating treatments design (Ledford & Gast, 2018) was used to 
compare the differential effects of RIC and RDC used to determine when to increase to 
the next delay interval in the PTD procedure when teaching the discrete non-reversible 
academic behavior of word identification to elementary-aged boys with moderate to 
severe disabilities (e.g., ASD, Down syndrome, intellectual disability), language 
impairments, and reading deficits. The design included an initial probe assessing all 
stimuli in intermixed sets across three sessions followed by a comparison condition in 
which each variation of the PTD procedure was applied to its respective set of assigned 
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stimuli in alternating sessions until the stimuli in each set met a predetermined criterion 
level. Schools were closed for the remainder of the school year due to a viral pandemic 
prior to participants’ completion of this condition. Had criterion-level responding been 
achieved with one variation of the procedure, sessions with the other variation would 
have continued to be implemented until either (a) criterion-level responding was achieved 
with that variation or (b) 1.5 times the number of sessions required to reach criterion with 
the more efficient variation had been implemented with the less efficient variation. In this 
case, periodic review sessions would have been conducted with the mastered set of 
stimuli at a specified frequency. In addition to assessing the stimuli assigned to each 
variation of the procedure, one set of stimuli was assigned to a control condition and 
measured intermittently throughout the comparison condition in order to detect any 
maturation or history threats. Had the comparison condition been completed, an 
additional probe condition would have been conducted in which all stimuli were 
intermixed and assessed across at least three sessions to determine the extent to which the 
skills maintained when intervention was withdrawn. In this design, experimental control 
is demonstrated when, after controlling for threats to internal validity, there is evidence of 
differences in the rate of learning (e.g., slope depicting rapidity of learning, sessions to 
criterion, total duration to criterion, percentage of errors, etc.) between the two variations 
of the intervention procedures without any maturation or history threats revealed in the 
control set. This design was selected over other designs because it was one of the two 
most appropriate designs for comparing interventions with non-reversible behaviors. The 
adapted alternating treatments design was selected over the parallel treatments design 
because (a) it required less behavior sets of equal difficulty to be identified and assessed 
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and (b) its conditions could be ordered through rapid iterative alternation without time-
lagged implementation, which required less time to implement and was more feasible 
given the implementation timeline available.  
Reliability 
Reliability data, in the form of inter-observer agreement (IOA) data and 
procedural fidelity data, were collected for at least 20% of sessions across all participants 
and conditions (probe and comparison conditions). Reliability data were collected by 
Mrs. Kean, who had received training on reliability data when she obtained her master’s 
degree in special education as well as when she collected reliability data for three other 
research studies. Before data were collected during the program, the implementer 
conducted an individual training session with Mrs. Kean to review the reliability data 
collection protocol as it pertains to this program specifically. The acceptable level of 
reliability agreement and accuracy was 80%, with a preference for 90%. If agreement or 
accuracy were to fall below this preference level, the implementer would meet with Mrs. 
Kean to discuss the data and conduct practice sessions to improve the implementer’s 
implementation skills and/or Mrs. Kean’s reliability data collecting skills. 
Inter-observer agreement. Reliability data for the dependent variable (i.e. the 
target skill) were collected by calculating point-by-point agreement. To collect this data, 
Mrs. Kean marked a participant’s responses during a session and then compared her 
marks with the implementer’s data from the session. The implementer and Mrs. Kean 
then marked whether they had scored each trial the same and calculated the IOA score by 
dividing the number of trials that were marked the same by the total number of trials and 
multiplying by 100 to generate a percentage, as depicted in the following formula:  
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𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑖𝑎𝑙𝑠 𝑤𝑖𝑡ℎ 𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑖𝑎𝑙𝑠 𝑜𝑓 𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 𝑎𝑛𝑑 𝑑𝑖𝑠𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡
 𝑥 100 = IOA%. A copy of the data 
sheet used for collecting reliability data during probe and instructional sessions is 
included in Appendix D: Probe Session Reliability Data Sheet and Appendix E: 
Instructional Session Reliability Data Sheet. 
Procedural fidelity. Data for the correct implementation of the procedures in all 
conditions were collected through procedural fidelity assessment. To collect these data, 
Mrs. Kean marked whether the implementer performed components of the instructional 
procedures to fidelity. For probe sessions, fidelity data were collected on the following 
implementer behaviors for each trial: ensuring the participant’s attention, providing the 
task direction, providing the stimulus, waiting the appropriate response interval, and 
providing correct consequences. For intervention sessions, fidelity data were collected on 
the following implementer behaviors for each trial: ensuring the participant’s attention, 
providing the task direction, providing the stimulus, waiting the appropriate delay 
interval, and providing correct consequences. Procedural fidelity data were calculated for 
each implementer behavior individually by dividing the number of observed implementer 
behaviors by the number of planned behaviors and multiplying by 100 to yield a 
percentage. Procedural fidelity data as a whole (i.e., for the combination of all 
implementer behaviors) were also calculated by dividing the number of correct 
implementer responses (across all implementer behaviors) by the total amount of 
opportunities and multiplying by 100 to generate a percentage. This is depicted in the 
following formula: 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑖𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑒𝑟 𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑟𝑠 
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑛𝑒𝑑 𝑖𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑒𝑟 𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑟𝑠
 𝑥 100 =
procedural fidelity %. A copy of the data sheet used for collecting reliability data during 
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probe and instructional sessions is included in Appendix D: Probe Session Reliability 
Data Sheet and Appendix E: Instructional Session Reliability Data Sheet. 
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Section 4: Results 
Student responding data are shown in Figures 1 and 2 for Zayn; Figures 3 and 4 
for Leonardo; Figures 5 and 6 for Darrien; and Figures 7, 8, and 9 for Henry. Data 
patterns for each participant were visually analyzed to determine the effectiveness of each 
procedural variation. For each variation, differences in the level, trend, and stability of 
the data path between the probe condition and the comparison condition were analyzed to 
determine whether behavior change had occurred. The stability of the data path for the 
control condition was analyzed to identify any potential maturation or history threats. 
After determining whether each variation was effective, the levels, trends, and stability of 
the data patterns produced by each variation were compared to each other to determine 
evidence of any difference in the acquisition rates (i.e., steepness of the slopes). The 
levels, trends, and stability of the data paths produced by graphing the percentage of 
errors for each variation were also compared to determine any difference in the error 
rates.  
Across three of the four participants (Zayn, Leonardo, and Darrien), results 
pertaining to the effectiveness of each variation indicated that both variations were 
effective in increasing participants’ percentage of unprompted correct responses when 
identifying sight words; however, the cessation of data collection prevented any 
definitive conclusions about the effectiveness of the PTD variations in increasing 
participant accuracy to criterion levels. For the other participant (Henry), the RIC 
variation was effective in producing behavior change, but data collection was stopped 
prior to effectiveness being demonstrated with the RDC variation.  
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Efficiency via acquisition rates data are summarized in Table 2. Results pertaining 
to the differentiation in the acquisition rates (i.e., steepness of the slopes) of the RIC and 
RDC variations were mixed. For two participants (Zayn and Leonardo), there was not a 
significant degree of differentiation in the acquisition rates of the RIC and RDC 
variations; however for one of these two participants (Leonardo), RDC data were more 
stable and reached ceiling levels slightly faster than RIC data. For another participant 
(Darrien), the cessation of data collection inhibited any conclusions about the degree of 
differentiation in the acquisition rates of the RIC and RDC variations, but the data 
obtained indicated that so far, (a) RIC data increased prior to RDC data, (b) RDC data 
increased at a slightly greater rate (i.e., had a steeper slope) once it started increasing, and 
(c) RDC data had less variability than RIC data. For the final participant (Henry), the data
obtained indicated that so far there was differentiation in the acquisition rates of the RIC 
and RDC variations with the RIC variation demonstrating superiority, but the abrupt 
cessation of data prior to the RDC variation demonstrating effectiveness inhibits any 
conclusions about the degree of differentiation that would had been demonstrated had 
sessions continued until criterion levels were met. 
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Efficiency via Acquisition Rates Supported by Visual Analysis 






















































trend to 100% 
in 6 sessions 
Difference in 
the acquisition 
rates of RIC 
and RDC 
Considerably 




and had less 
variability 
RDC 
increased at a 
greater rate 





Table 2. Efficiency via Acquisition Rates 
Efficiency via error rates data for all participants are summarized in Table 3. 
Across all participants, results pertaining to which variation is more efficient in 
increasing independent performance with fewer errors were mixed and indicated that 
either (a) there was not a noteworthy difference in error rates between both variations or 
(b) the RDC variation resulted in lower error rates. Two participants’ (Zayn’s and
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Henry’s) percentage of errors across the RIC and RDC conditions indicated that neither 
procedural variation was more efficient in increasing their independent performance with 
fewer errors. Two participants’ (Leonardo’s and Darrien’s) percentage of errors across 
the RIC and RDC conditions indicated that the RDC variation was considerably more 
efficient in increasing their independent performance with fewer errors. Results indicated 
that the RIC variation resulted in errors rates that were either functionally equal to or 
greater than those of the RDC variation.  
Efficiency via Error Rates 
Participants Zayn Leonardo Darrien Henry 
RIC Sessions 5.5% 33% 41% 26% 
RDC Sessions 4.4% 2% 24% 26% 
Difference in the 
error rates of 








Table 3. Efficiency via Error Rates 
Efficiency via duration data for all participants are summarized in Table 4. Across 
all participants, neither variation was considerably more efficient in terms of the 
instructional time required to implement the procedures. Although the total duration and 
average session length of RDC sessions were shorter than that of RIC sessions for three 
of the participants (Leonardo, Darrien, and Henry), this difference was not substantial.  
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Efficiency via Duration 
Participants Zayn Leonardo Darrien Henry 
RIC Sessions 
# Sessions 5 6 7 7 
Total Duration 303 s 320 s 562 s 541 s 
Average session 61 s 53 s 80 s 77 s 
RDC Sessions 
# Sessions 
6 6 7 7 
Total Duration 
393 s 250 s 470 s 480 s 
Average session 
66 s 42 s 67 s 69 s 
Difference in the 
total duration of 
RIC and RDC 
RDC: 
57 s longer 
(based on only the first 
five of each session)
RIC: 
80 s longer 
RIC: 
92 s longer 
RIC: 
61 s longer 
Difference in the 
average duration 
of RIC and RDC 
5 s 11 s 13 s 8 s 
Table 4. Efficiency via Duration 
Zayn 
Zayn’s percentage of unprompted responses is shown in Figure 1. The RIC and 
RDC variations of the PTD procedure were both effective in increasing Zayn’s 
percentage of unprompted correct responses when identifying sight words. Data for 
words assigned to the control condition had a zerocelerating trend at 0% correct 
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responses in the probe condition and remained at floor level with a zerocelerating trend 
throughout the comparison condition. Data for word sets assigned to RIC and RDC 
conditions had a zerocelerating trend at 0% correct responses for three consecutive 
sessions during the initial probe condition. After introducing the intervention, all RIC and 
RDC data remained at floor levels for the 0-s delay session and then had an immediate 
increase in level to 33% unprompted correct responses. Both data paths demonstrated 
accelerating trends in a therapeutic direction with RIC data reaching 100% unprompted 
correct responses in three sessions (after the 0-s session) and RDC data reaching 100% 
unprompted correct responses in four sessions (after the 0-s session). After reaching 
ceiling levels, both RIC and RDC data remained stable at 100% unprompted correct 
responses for two consecutive sessions before the school was closed and data collection 
ceased. Although Zayn did not reach mastery criteria for either variation (i.e., three 
consecutive sessions with 100% unprompted correct responses), the data obtained 
indicated that there was not a significant degree of differentiation in the acquisition rates 
(i.e., steepness of the slopes) of the RIC and RDC variations and superiority of 
acquisition was not present with one over the other.  
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Figure 1. Percentage of unprompted correct responses for Zayn. Numbered data points indicate the delay interval 
associated with that session. For each variation, only the first session with each delay interval is labeled; all 
subsequent unlabeled data points indicate sessions with the same delay interval as the previous labeled data 
point.  
Zayn’s percentage of errors is shown in Figure 2 (note that Figure 2 does not 
show error data for the 0-s sessions because all responses were prompted and there were 
not opportunities for Zayn to engage in an unprompted error). Zayn’s percentage of errors 
across the RIC and RDC conditions indicated that neither procedural variation was more 
efficient in increasing his independent performance with fewer errors. Zayn had an error 
rate of 5.5% across all RIC sessions (after the 0-s delay session) and an error rate of 4.4% 
across all RDC sessions (after the 0-s delay session). Due to the study being terminated 
early, Zayn received instruction on his sixth RDC session, but did not experience his 
sixth RIC session; if only the data from the first five sessions of each condition are 
considered, then Zayn’s error rates for RIC and RDC sessions would be the same (5.5%). 
Zayn engaged in either one or no errors for each session across both variations; error data 
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for both variations had relatively stable trends with a slight decelerating trend in a 
therapeutic direction during the last three sessions of each variation.  
Figure 2. Percentage of errors for Zayn. Numbered data points indicate the delay interval associated with that 
session. For each variation, only the first session with each delay interval is labeled; all subsequent unlabeled data 
points indicate sessions with the same delay interval as the previous labeled data point. 
Neither variation was more efficient in terms of the instructional time required to 
implement the procedures. All five RIC sessions were conducted for a total duration of 
303 s with an average duration of 61s per session. All six RDC sessions were conducted 
for a total duration of 393 s with an average duration of 66 s per session. Thus, the 
average length of a session varied by 5 s between the two variations. All six control 
sessions were conducted for a total duration of 218 s with an average duration of 36 s per 
session, which indicates each RIC session took approximately 1.69 times as long as the 
average control session and each RDC session took approximately 1.83 times as long as 
the average control session.  
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Leonardo 
Leonardo’s percentage of unprompted responses is shown in Figure 3. The RIC 
and RDC variations of the PTD procedure were both effective in increasing Leonardo’s 
percentage of unprompted correct responses when identifying sight words. Data for 
words assigned to the control condition had a zerocelerating trend at 0% correct 
responses in the probe condition and remained at floor level with a zerocelerating trend 
throughout the comparison condition. Data for word sets assigned to RIC and RDC 
conditions had a zerocelerating trend at 0% correct responses for three consecutive 
sessions during the initial probe condition. After introducing the intervention, all RIC and 
RDC data remained at floor levels for the 0-s delay session and then had an immediate 
increase in level to 33% unprompted correct responses for RIC data and 11% unprompted 
correct responses for RDC data. Both data paths demonstrated moderately accelerating 
trend in a therapeutic direction. There was minor variability in RIC data when data 
dropped in level during the third session (after the 0-s session) but then immediately 
increased in level during the next RIC session. RIC data reached 89% unprompted correct 
responses in five sessions (after the 0-s session). RDC data reached 89% unprompted 
correct responses in three sessions (after the 0-s session) and reached 100% unprompted 
correct responses by the fifth session (after the 0-s session). School was then closed and 
data collection ceased. Although Leonardo did not reach mastery criteria for either 
variation (i.e., three consecutive sessions with 100% unprompted correct responses), the 
data obtained indicated that there was not a significant degree of differentiation in the 
acquisition rates (i.e., steepness of the slopes) of the RIC and RDC variations; however, 
there was minor differentiation in the acquisition rates of the variations because RDC 
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data reached ceiling levels slightly faster than RIC data. Additionally, RDC data did not 
have any variability (i.e., did not have any data point with a lower accuracy percentage 
than the prior data point). Thus, the RDC variation was marginally more efficient in 
terms of acquisition rates and data stability.  
Figure 3. Percentage of unprompted correct responses for Leonardo. Numbered data points indicate the delay 
interval associated with that session. For each variation, only the first session with each delay interval is labeled; 
all subsequent unlabeled data points indicate sessions with the same delay interval as the previous labeled data 
point. 
Leonardo’s percentage of errors is shown in Figure 4 (note that Figure 4 does not 
show error data for the 0-s sessions because all responses were prompted and there were 
not opportunities for Leonardo to engage in an unprompted error). Leonardo’s percentage 
of errors across the RIC and RDC conditions indicated that the RDC variation was 
considerably more efficient in increasing his independent performance with fewer errors. 
Leonardo had an error rate of 33% across all RIC sessions (after the 0-s delay session) 
and an error rate of 2% across all RDC sessions (after the 0-s delay session). Thus, 
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Leonardo engaged in 16.5 times as many errors when receiving instruction with the RIC 
variation than he did when receiving instruction with the RDC variation. Error data for 
RIC sessions were initially stable at 44% across two sessions and then contra-
therapeutically increased in level to 56% before therapeutically decreasing in level to 
11% for two sessions as his percentage of correct responses increased. Error data for 
RDC sessions were stable with a zerocelerating trend at 0% with the exception of one 
session with 11% (i.e., one error in a nine-trial session).   
Figure 4. Percentage of errors for Leonardo. Numbered data points indicate the delay interval associated with that 
session. For each variation, only the first session with each delay interval is labeled; all subsequent unlabeled data 
points indicate sessions with the same delay interval as the previous labeled data point. 
Neither variation was considerably more efficient in terms of the instructional 
time required to implement the procedures. All six RIC sessions were conducted for a 
total duration of 320 s with an average duration of 53 s per session. All six RDC sessions 
were conducted for a total duration of 250 s with an average duration of 42 s per session. 
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Thus, the average length of a session varied by 11 s between the two variations and the 
total duration of all RIC sessions was 80 s longer than that of all RDC sessions. All six 
control sessions were conducted for a total duration of 235 s with an average duration of 
39 s per session, which indicates each RIC session took approximately 1.36 times as long 
as the average control session and each RDC session took approximately 1.08 times as 
long as the average control session.  
Darrien  
Darrien’s percentage of unprompted responses is shown in Figure 5. Darrien’s 
performance data indicated that the RIC and RDC variations of the PTD procedure were 
both effective in producing behavior change (i.e., increasing Darrien’s percentage of 
unprompted correct responses when identifying sight words), but the abrupt data 
collection cessation prevented a definitive conclusion about the effectiveness of the PTD 
variations in increasing his accuracy to criterion levels. Data for words assigned to the 
control condition had a zerocelerating trend at 0% correct responses in the probe 
condition and remained at floor level with a zerocelerating trend throughout the 
comparison condition. Data for word sets assigned to RIC and RDC conditions had a 
zerocelerating trend at 0% correct responses for three consecutive sessions during the 
initial probe condition. After introducing the intervention, all RIC and RDC data initially 
remained at floor levels for the 0-s delay session and then RIC data had an immediate 
therapeutic increase in level to 22% unprompted correct responses while RDC data 
remained at floor level for another session before increasing in level to 22% unprompted 
correct responses. RIC data initially demonstrated a gradual accelerating trend in a 
therapeutic direction across three sessions (after the 0-s session) and then, after reaching 
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44% unprompted correct responses, became variable and decreased to 22%, increased to 
44%, and then decreased to 11%. RIC data initially demonstrated a gradual accelerating 
trend in a therapeutic direction for three sessions (after the 0-s session and the first 
session at floor level) and then, after reaching 33% unprompted correct responses, 
demonstrated some variability by decreasing to 0% and then increasing to 11%. School 
was then closed and data collection ceased. The cessation of data at this point inhibited 
any conclusions about the degree of differentiation in the acquisition rates (i.e., steepness 
of the slopes) of the RIC and RDC variations; however, the data obtained indicated that 
so far, (a) RIC data increased prior to RDC data, (b) RDC data increased at a slightly 
greater rate (i.e., had a steeper slope) once it started increasing, and (c) RDC data had less 
variability than RIC data.  
Figure 5. Percentage of unprompted correct responses for Darrien. Numbered data points indicate the delay 
interval associated with that session. For each variation, only the first session with each delay interval is labeled; 
all subsequent unlabeled data points indicate sessions with the same delay interval as the previous labeled data 
point. 
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Darrien’s percentage of errors is shown in Figure 6 (note that Figure 6 does not 
show error data for the 0-s sessions because all responses were prompted and there were 
not opportunities for Darrien to engage in an unprompted error). Darrien’s percentage of 
errors across the RIC and RDC conditions indicated that the RDC variation was 
considerably more efficient in increasing his independent performance with fewer errors. 
Darrien had an error rate of 41% across all RIC sessions (after the 0-s delay session) and 
an error rate of 24% across all RDC sessions (after the 0-s delay session). Thus, Darrien 
engaged in 1.7 times as many errors when receiving instruction with the RIC variation 
than he did when receiving instruction with the RDC variation. Error data for both 
variations demonstrated variability. Error data for RIC sessions started at 33%, decreased 
therapeutically to 0% for one session and then contra-therapeutically increased in level to 
78% over the course of two sessions before therapeutically decreasing in level to 33% 
over the course of two additional sessions. Error data for RDC sessions contra-
therapeutically increased in level from 11% to 33% over the course of three sessions and 
then therapeutically increased in level back to 11%, contra-therapeutically increased in 
level to 56%, and therapeutically increased in level to 11% again. Despite the variability 
in the error rates with both variations, all RDC sessions except one had an error rate of 
33% or lower whereas all RIC sessions except for one had an error rate of 33% or higher. 
Furthermore, half of all RDC sessions had an error rate of 11% whereas half of all RIC 
sessions had an error rate of 44% or more.  
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Figure 6. Percentage of errors for Darrien. Numbered data points indicate the delay interval associated with that 
session. For each variation, only the first session with each delay interval is labeled; all subsequent unlabeled data 
points indicate sessions with the same delay interval as the previous labeled data point. 
Neither variation was considerably more efficient in terms of the instructional 
time required to implement the procedures. All seven RIC sessions were conducted for a 
total duration of 562 s with an average duration of 80 s per session. All seven RDC 
sessions were conducted for a total duration of 470 s with an average duration of 67 s per 
session. Thus, the average length of a session varied by 13 s between the two variations 
and the total duration of all RIC sessions was 92 s longer than that of all RDC sessions. 
All seven control sessions were conducted for a total duration of 286 s with an average 
duration of 41 s per session, which indicates each RIC session took approximately 1.95 
times as long as the average control session and each RDC session took approximately 
1.63 times as long as the average control session.  
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Henry 
Henry’s percentage of unprompted responses is shown in Figure 7. Henry’s 
performance data indicated that the RIC variation of the PTD procedure was effective in 
producing behavior change (i.e., increasing Henry’s percentage of unprompted correct 
responses when identifying sight words), but the abrupt data collection cessation 
prevented a definitive conclusion about (a) the effectiveness of the RIC variation in 
increasing his accuracy to criterion levels and (b) the effectiveness of the RDC variation 
in producing behavior change. Data for words assigned to the control condition had a 
zerocelerating trend at 0% correct responses in the probe condition and remained at floor 
level with a zerocelerating trend throughout the comparison condition. Data for word sets 
assigned to RIC and RDC conditions had a zerocelerating trend at 0% correct responses 
for three consecutive sessions during the initial probe condition. After introducing the 
intervention, RIC data initially remained at floor levels for the 0-s delay session and 
remained at floor levels for another session before increasing in level to 11% unprompted 
correct responses. RIC data then demonstrated a gradually accelerating trend in a 
therapeutic direction across five sessions without variability until school was closed and 
data collection ceased at 44% unprompted correct responses. RDC data maintained a 
zerocelerating trend at 0% unprompted correct responses across the six RDC sessions 
conducted after the 0-s session. Thus, seven sessions of the RDC variation were not 
effective in increasing Henry’s percentage of unprompted correct responses when 
identifying sight words; however, the delay intervals used in the RDC variation did not 
increase past the 1-s delay interval because the criterion for increasing them was based on 
Henry’s responding and Henry was still learning to wait when the answer was unknown. 
54 
During these sessions, Henry’s percentage of prompted correct responses was increasing 
overall (see Figure 8) and his error rate was decreasing (see Figure 9). Henry’s 
percentage of prompted correct responses during RDC sessions is shown in Figure 8 
(note that Figure 8 does not show data for the 0-s session because, during the 0-s session, 
there were not opportunities for Henry to engage in an unprompted correct responses). 
Henry’s percentage of prompted correct responses started at 78% and decreased in level 
to 44% across two sessions before increasing to 100% prompted correct responses with a 
moderately accelerating yet variable trend in a therapeutic direction (i.e., increased from 
44% to 89% and then decreased to 67% before increasing to 100%) across three more 
sessions as he learned the procedures and began to wait for prompts when the answer was 
unknown. Thus, during these seven RDC sessions, Henry was learning how to learn with 
the procedure. However, the cessation of data collection prevented determinations from 
being made regarding whether more sessions would have led to increases in unprompted 
correct responses once he had fully learned to wait and rely on the prompts when the 
answer was unknown. The data obtained indicated that so far there was differentiation in 
the acquisition rates (i.e., steepness of the slopes) of the RIC and RDC variations with the 
RIC variation demonstrating superiority, but the abrupt cessation of data inhibits any 
conclusions about the degree of differentiation that would had been demonstrated had 
sessions continued until criterion levels were met.  
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Figure 7. Percentage of unprompted correct responses for Henry. Numbered data points indicate the delay 
interval associated with that session. For each variation, only the first session with each delay interval is labeled; 
all subsequent unlabeled data points indicate sessions with the same delay interval as the previous labeled data 
point. 
Figure 8. Percentage of prompted correct responses for RDC sessions for Henry. Numbered data points indicate 
the delay interval associated with that session. Only the first session with each delay interval is labeled; all 
subsequent unlabeled data points indicate sessions with the same delay interval as the previous labeled data 
point. 
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Henry’s percentage of errors is shown in Figure 9 (note that Figure 9 does not 
show error data for the 0-s sessions because all responses were prompted and there were 
not opportunities for Henry to engage in an unprompted error). Henry’s percentage of 
errors across the RIC and RDC conditions indicated that neither procedural variation was 
more efficient in increasing his independent performance with fewer errors (see Figure 9; 
note that Figure 9 does not show error data for the 0-s sessions because all responses 
were prompted and there were not opportunities for Henry to engage in an unprompted 
error). All Henry’s errors were unprompted. Henry had an error rate of 26% across all 
RIC sessions (after the 0-s delay session) and an error rate of 26% across all RDC 
sessions (after the 0-s delay session). Thus, Henry engaged in the same quantity of errors 
when receiving instruction with the RIC variation as he did when receiving instruction 
with the RDC variation. However, the first half of RIC and RDC data combined (other 
than 0-s sessions) had an error rate of 39% whereas the second half of the data had an 
error rate of 12%. Furthermore, the final two RIC sessions and final RDC session all had 
error rates of 0%. Thus, Henry’s error rate was decreasing across sessions as he learned 
the procedures and learned to wait when the answer was unknown. Despite this 
decreasing trend in error rates, the overall error data for both variations demonstrated 
some variability; error data for both variations initially contra-therapeutically increased in 
level until the third session of each variation (after the 0-s session) and then 
therapeutically decreased in level as Henry started learning to wait when the answer was 
unknown. Error data for RIC sessions started at 33% for two sessions and then contra-
therapeutically increased in level to 56% before therapeutically decreasing in level to 0% 
across two sessions and remaining at 0% for an additional session. Error data for RDC 
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sessions started at 22% and contra-therapeutically increased in level to 56% across two 
sessions before demonstrating a decelerating trend in the therapeutic direction down to 
0% with variability (i.e., error data decreased from 56% to 11% and then increased to 
33% before decreasing to 0%).  
Figure 9. Percentage of errors for Henry. Numbered data points indicate the delay interval associated with that 
session. For each variation, only the first session with each delay interval is labeled; all subsequent unlabeled data 
points indicate sessions with the same delay interval as the previous labeled data point.  
Neither variation was more efficient in terms of the instructional time required to 
implement the procedures. All seven RIC sessions were conducted for a total duration of 
541 s with an average duration of 77 s per session. All seven RDC sessions were 
conducted for a total duration of 480 s with an average duration of 69 s per session. Thus, 
the average length of a session varied by 8 s between the two variations and the total 
duration of all RIC sessions was 61 s longer than that of all RDC sessions. All seven 
control sessions were conducted for a total duration of 179 s with an average duration of 
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26 s per session, which indicates each RIC session took approximately 2.96 times as long 
as the average control session and each RDC session took approximately 2.65 times as 
long as the average control session.  
Reliability 
Reliability data (i.e., both IOA data and procedural fidelity data) were collected 
by Mrs. Kean, for at least 20% of sessions across all participants and conditions (probe 
and comparison conditions). Reliability data for Henry were collected for 33% of probe 
sessions, 29% of RIC sessions, 29% of RDC sessions, and 29% of control sessions. 
Reliability data for Zayn were collected for 33% of probe sessions, 20% of RIC sessions, 
33% of RDC sessions, and 33% of control sessions. Reliability data for Darrien were 
collected for 33% of probe sessions, 29% of RIC sessions, 29% of RDC sessions, and 
43% of control sessions. Reliability data for Leonardo were collected for 33% of probe 
sessions, 33% of RIC sessions, 33% of RDC sessions, and 33% of control sessions.  
Reliability data were above acceptable levels. IOA data were 100% across all 
participants and all conditions. Procedural fidelity data across all participants were 100% 
as a whole and across all implementer behaviors individually. For probe sessions, fidelity 
data across all participants were 100% on the following implementer behaviors for each 
trial: ensuring the participant’s attention, providing the task direction, providing the 
stimulus, waiting the appropriate response interval, and providing correct consequences. 
For comparison condition sessions, fidelity data across all participants were 100% on the 
following implementer behaviors for each trial: ensuring the participant’s attention, 
providing the task direction, providing the stimulus, waiting the appropriate delay 
interval, and providing correct consequences. 
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Section 5: Discussion 
The purpose of the study was to compare the differential effects of response-
independent and response-dependent criteria used to determine when to increase to the 
next delay interval in the progressive time delay (PTD) procedure. An adapted alternating 
treatments design was used to evaluate the relative efficiency of two variations of the 
PTD procedure when teaching word identification to elementary-aged boys with 
moderate to severe disabilities (e.g., ASD, Down syndrome, intellectual disability), 
language impairments, and reading deficits. The participants’ school was closed for the 
remainder of the school year due to a viral pandemic prior to the completion of the 
comparison condition. Therefore, conclusions about results should be considered in light 
of this limitation. Results obtained indicated that both variations were effective in 
increasing all participants’ percentage of correct responses when identifying sight words. 
Results pertaining to the differentiation in the acquisition rates of both variations were 
mixed but indicated some superiority with the RDC variation. Results pertaining to which 
variation was more efficient in increasing independent performance with fewer errors 
were mixed and indicated that either (a) there was not a noteworthy difference in error 
rates between both variations or (b) the RDC variation resulted in lower error rates. 
Neither variation was considerably more efficient in terms of the instructional time 
required to implement the procedures. 
Overall, RDC data (a) had acquisition rates with either a slightly greater rate of 
increase, less variability, or equal results to that of RIC data for the majority of 
participants, (b) either resulted in lower error rates than that of RIC data or resulted in 
relatively similar error rates as the RIC variation, and (c) required approximately the 
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same amount of instructional time to implement as the RIC variation. Thus, it can be 
concluded that for these participants, providing instruction with the RDC variation of the 
PTD procedure is likely to be either equally efficient or more efficient than providing 
instruction with the RIC variation. However, this conclusion is limited given the 
incomplete results of the study.  
An additional conclusion is that participants’ levels of reading abilities did not 
correspond with whether the RDC variation resulted in a lower error rate or whether both 
variations resulted in the same error rate. Rather, the results of whether the RDC variation 
resulted in a lower error rate or whether both variations resulted in the same error rate 
appears to be related to the amount of prompting required by the participants. Leonardo’s 
and Darrien’s percentages of errors across the RIC and RDC conditions indicated that the 
RDC variation was considerably more efficient in increasing their independent 
performance with fewer errors despite the drastic difference in these participants’ reading 
abilities. Leonardo was reading fluently at his grade level (5th grade) with 90-100% 
accuracy whereas Darrien was learning to identify letter names and sounds, but could not 
yet identify or read words (other than his name). In this study, Leonardo was learning 
two-to-four syllable words (e.g., caution, authorized, extinguisher) whereas Darrien was 
learning single-syllable three-to-four letter words (e.g., hot, girl). However, both 
participants performed with less errors using the RDC variation; Leonardo had an error 
rate of 33% across all RIC sessions (after the 0-s delay session) and an error rate of 2% 
across all RDC sessions (after the 0-s delay session) while Darrien had an error rate of 
41% across all RIC sessions (after the 0-s delay session) and an error rate of 24% across 
all RDC sessions (after the 0-s delay session). Similarly, Zayn’s and Henry’s percentages 
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of errors across the RIC and RDC conditions indicated that neither procedural variation 
was more efficient in increasing their independent performance with fewer errors despite 
the drastic difference in these participants’ reading abilities. Zayn was reading stories 
written at his grade level (kindergarten) whereas Henry was learning to identify letter 
names and sounds, but could not yet identify or read words. In this study, Zayn was 
learning two-to-four syllable words (e.g., caution, authorized, extinguisher) whereas 
Harrison was learning single-syllable three-to-four letter words (e.g., hot, girl). However, 
both participants performed with the same or similar error rates regardless of whether 
they received instruction with the RDC variation or the RIC variation; Zayn had an error 
rate of 5.5% across all RIC sessions (after the 0-s delay session) and an error rate of 4.4% 
across all RDC sessions (after the 0-s delay session) while Henry had an error rate of 
26% across all RIC sessions (after the 0-s delay session) and an error rate of 26% across 
all RDC sessions (after the 0-s delay session). Furthermore, both these participants were 
in kindergarten whereas the other participants were in 2nd and 5th grade. Of all the 
participants, Zayn required the least amount of prompts because he acquired the words in 
each condition at the quickest rates compared to the other participants. Of all the 
participants, Henry required the greatest amount of prompts. Henry and Darrien 
progressed through the RDC intervals the slowest of all participants because they both 
did not progress past the 1-s delay intervals for the RDC variation, but Darrien’s 
performance increased at a greater rate than that of Henry, so Darrien required less 
prompting than Henry did. Henry’s RDC and RIC error data mirrored each other as he 
was learning to wait when the answer was unknown (i.e., he was guessing before the 
prompt across both variations and then progressively applying his emerging waiting skills 
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to both procedures). Additionally, this was Henry’s first year in elementary school and he 
was still learning how to participate in systematic instruction. Although this was also 
Zayn’s first year in elementary school, Zayn’s experiences with applied behavior analysis 
therapy provided him with a learning history in structured instruction. Furthermore, 
Zayn’s rote memorization skills limited his reliance on prompting to identify the sight 
words in the study. Thus, participants who required considerably more (i.e., Henry) or 
considerably less (i.e., Zayn) prompting than what is typically expected with the PTD 
procedure had similar error rates across both variations of the procedure whereas 
participants who required more moderate levels of prompting (i.e., Leonardo and 
Darrien) had lower error rates with the RDC variation. This is likely because the RDC 
variation increases the delay intervals at a pace that matches the participant’s current 
performance needs.  
Another observation regarding the results is that Zayn and Leonardo both had 
considerably higher acquisition rates than Darrien and Henry across both variations of the 
procedure. This higher acquisition is likely attributed to these participants’ higher reading 
abilities; Zayn and Leonardo could both read on their respective grade levels but Darrien 
and Henry had never had instruction on identifying or reading words prior to the study. 
However, Zayn and Leonardo both had ASD whereas Darrien and Henry did not (Darrien 
had an intellectual disability and Henry had Down syndrome with a mild intellectual 
disability) and the impact of these differences on the results was not experimentally 
controlled for, so determinations cannot be made as to whether it was a factor in 
producing the obtained results.  
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Information about the study results that was not reported in the graphs include 
Leonardo’s generalization of the waiting behavior learned. After receiving instruction for 
two sessions of both variations (after the 0-s sessions), Leonardo began to generalize his 
waiting behavior to the control condition sessions. For all remaining control sessions, 
Leonardo began the first few trials by waiting for prompting (he did not know the correct 
response) and, when prompting was not provided (per probe procedures), Leonardo 
would ask for help, ask what the word said, or demand to know it. The implementer told 
Leonardo that it was okay if he did know those words yet and assured him that he would 
get to learn them later. Leonardo’s accuracy with RIC and RDC word sets progressed 
rapidly and then data collection ceased, so Leonardo’s frustration with his waiting 
behaviors not “working” for the control set did not become an issue and did not impact 
his waiting behaviors across other word sets. However, in future studies, especially with 
participants who are likely to require more sessions than Leonardo did to reach criterion 
levels, researchers should consider reducing the ratio of control sessions to intervention 
sessions in the comparison condition. In the current study, every three sessions consisted 
of one RIC session, one RDC session, and one control session, presented in a randomized 
order. Future studies could alter this ratio to include less control sessions (as long a 
participant responding in the control sessions remains stable). For example, every five 
sessions could consist of two RIC sessions, two RDC sessions, and one control session, 
presented in a randomized order.  
An additional discussion point involves the procedure’s requirement for the 
implementer to precisely time the delay intervals in order to know when to deliver the 
prompt. It is difficult to determine exactly when 1 s or 2 s have passed and, despite 100% 
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procedural fidelity data, it is likely that the prompt was not provided at the exact second 
mark for every trial of every session with every participant. This has the potential to be a 
limitation given that the study is investigating the differential effects of two variations of 
a procedure and the only difference between the variations is the criteria to increase the 
delay intervals, which are only 1-s intervals, so slight deviation in the timing of the 
seconds could compromise the results by not representing the true nature of that 
variation. However, precise timing of the seconds is unlikely to ever occur with human 
implementers whether in research or in applied implementation (e.g., in classrooms) 
without implementing computer-deliver instruction with the procedure.  
Limitations and Conclusions 
Limitations  
There are multiple limitations to the study. Limitations that are specific to the 
study itself include limitations related to (a) incomplete results, (b) the frequency of data 
collection, and (c) whether the difficulty of the procedures and/or the targeted skill were 
potentially too difficult for Henry’s current abilities (for which a determination cannot be 
made due to the incomplete results). A limitation that is specific to the adapted 
alternating treatments design utilized in the study include the possibility of multi-
treatment interference. Limitations related to quality measures of the design include the 
lack of maintenance data and the lack of any assessment of generalization.  
The primary limitation of the study is the incomplete results. During the course of 
the study, the participants’ school was closed for the remainder of the school year due to 
a viral pandemic. Thus, data collection was abruptly terminated prior to participants 
completing the comparison condition, which inhibits any conclusions about the degree of 
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differentiation that would had been demonstrated had sessions continued until criterion 
levels were met. Therefore, any conclusions drawn from the results that were obtained 
must be interpreted with caution as they might not reflect the true degree of 
differentiation between the variations of the procedures had the comparison condition 
been completed. Furthermore, any generalization of the results to other individuals 
cannot be inferred with certainty. Without completed results demonstrating replications 
of the findings across participants in the study, the generality of the conclusions to is 
weakened.  
The frequency of data collection during the study also presents a limitation. Data 
on sessions in the comparison condition were only collected three days a week, per 
request of the classroom teacher. On multiple occurrences, data were only collected twice 
a week due to participant absences. Given that only two sessions were conducted per day 
(with a few exceptions), there were many instances in which four of five days passed 
before a participant was re-exposed to a given condition. For example, a participant could 
have been exposed to (a) an RDC session and an RIC on Wednesday, (b) a control 
session and an RIC session on Friday, and then (c) a control session and an RDC session 
on Monday; in this case, 5 days passed between the two times the participant was 
exposed to the RDC variation, which could be too long of a time between acquisition 
sessions for many individuals with moderate and severe disabilities. This pace of data 
collection enabled a lot of time to pass between sessions and could have inadvertently 
affected the results obtained by Darrien and Henry, both of whom had never had prior 
instruction on identifying sight words and acquired the skill at much slower rates than the 
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other participants. These participants may have required more frequent exposure to the 
procedures in order to produce more robust outcomes.   
A potential limitation that also could have been present is regarding whether the 
difficulty of the procedures and/or targeted skill might have been too difficult for Henry’s 
current abilities, but a definitive conclusion pertaining to this cannot be determined due to 
the incomplete results of the study. Of all the participants, Henry had the slowest 
acquisition rate and required the greatest number of prompts. He (along with Darrien) 
also progressed through the RDC intervals the slowest of all participants (his RDC 
intervals never progressed past 1-s delay intervals). Additionally, Henry had only been in 
elementary school for approximately 6 months prior to the study and he was still learning 
how to participate in systematic instruction. The target skill was new and challenging for 
him given that he had never received instruction on identifying words prior to the study. 
Darrien had also not received sight word instruction prior to the study, but Darrien was in 
his third year of special education and had more experience with response prompting. 
The majority of Henry’s IEP goals related to speech, communication, behavior (e.g., 
following directions, keeping his hands to himself), and basic life skills (e.g., using 
stairs). Only a few of his goals were related to basic academic skills (e.g., counting 
objects, identifying letter names and sounds, copying letters), each of which he was 
currently performing with under 50% accuracy. During the study, Henry was initially 
guessing letter names before the prompt across both variations and had a lot of difficulty 
with waiting. It is likely that Henry did not comprehend the verbal directions provided by 
the implementer and did not understand that he should wait when the answer was 
unknown. However, he progressively started applying his emerging waiting skills to both 
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procedures as the study progressed, so the extent to which the difficulty of the procedures 
and/or the target skill was a limitation cannot be determined without the complete results. 
In addition to these limitations, the study was susceptible to limitations that are 
inherent to the experimental design utilized to obtain the results. The primary limitation 
of adapted alternating treatment designs is multi-treatment interference. Even though the 
design provides for a relatively fast comparison, it is still susceptible to alternation 
effects. The possibility of multi-treatment interference could have occurred if the 
sequence of the comparison influenced a participant’s responding (i.e., a participant’s 
experience with one procedural variation influenced his performance when receiving 
instruction with the other variation). This could have occurred in the form of (a) rapid 
alternation effects (i.e., if the rapidly changing conditions had an effect on performance), 
(b) sequence effects (i.e., if the ordering of the conditions results in a participant’s
experience with one condition influencing his performance in the subsequent condition), 
or (c) carryover effects (i.e., if a participant’s experience with one variation influenced 
his performance with the other variation as a result of the characteristics of the former 
variation). The threat of multi-treatment interference is likely in this study because 
multiple sessions were conducted close in time (e.g., within a two-hour window during 
the same day) and the two variations being compared were very similar (i.e., the 
procedures were identical except for the criteria for increasing to the next delay interval). 
However, due to the participants’ school closing prior to completion of the comparison 
condition and the final probe condition, the occurrence of multi-treatment interference 
was not able to be ruled out with a “superior treatment alone” condition. The potential for 
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this limitation could have been better addressed by increasing the amount of time 
between sessions.  
An additional limitation related to the quality measures of the design as 
implemented is that the design does not assess maintenance or generalization of the target 
skill. Thus, it cannot be determined which variation of the procedure is more efficient in 
terms of these efficiency measures. Had the design included maintenance probe sessions, 
data could have been analyzed to determine which variation produces behavior change 
that maintains better (i.e., to a higher percentage of accuracy) over time after instruction 
is terminated. Had the design included generalization probe sessions, data could have 
been analyzed to determine which variation produces behavior change that has the 
greatest extent of generality across settings and contexts (e.g., when the words are 
presented in books or other reading materials encountered naturally throughout the school 
day instead of on index cards during discrete trial instructional sessions).  
Future Research  
Future research is warranted to obtain complete results of the study. Additionally, 
the study should be repeated across a greater quantity of participants to establish 
generality. Generality can be further established and refined by conducting the study with 
different types of discrete skills as well as various chained skills across multiple 
geographic locations with participants who represent various age ranges and disability 
categories.  
In addition to obtaining completed results and establishing generality with the 
current study’s independent variable variations, further research is also warranted to 
determine the differential effects of a multitude of other variations of criteria for 
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increasing the delay interval. Conducting research on each variation’s effectiveness in 
terms of establishing stimulus control as well as its overall efficiency (e.g., the 
number of sessions needed to reach criterion, the percentage of participant errors, the 
time needed to reach criterion, the extent of maintenance, the extent of generalization, 
the amount of instructor effort, etc.) when compared to other variations will establish 
a foundation of knowledge pertaining to the PTD procedure that is valuable for 
educators when determining which variation to implement with given students. Some 
variations of the response-independent criteria for increasing the delay interval include 
(a) increasing the delay interval after different set numbers of sessions (e.g., after every
other session, after every third session) or (b) increasing the delay interval within a 
session (i.e., between trials rather than after a full session is completed) after the 
participant completes a certain number of trials. Some variations of the response-
dependent criteria for increasing the delay interval include (a) increasing the delay 
interval after participants achieve different accuracy criterions (e.g., after 90% prompted 
or unprompted correct responses), (b) increasing the delay interval after a set number of 
consecutive correct prompted or unprompted correct responses, and (c) increasing the 
delay interval within a session (i.e., between trials rather than after a full session is 
completed) after the participant achieves a certain criterion of correct responses within 
one session (e.g., after three consecutive correct prompted or unprompted responses). 
Another variation of the response-dependent criteria includes increasing the delay 
interval used for each stimulus individually based on the participant’s responses to each 
different stimulus (i.e., each stimulus has its own delay interval that is determined by 
correct responding on that specific stimulus regardless of performance on all the stimuli 
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as a whole). Research can also be conducted on variations that include decreasing the 
delay interval if a participant responds incorrectly (either once or to some criterion); 
variations of criteria for decreasing the delay interval include (a) decreasing the delay 
interval after a session with any incorrect responses, (b) decreasing the delay interval 
after a certain criterion of errors is achieved in a session, (c) decreasing the delay interval 
after a set number of consecutive incorrect responses, (d) decreasing the delay interval 
within a session (i.e., between trials rather than after a full session is completed) after an 
incorrect response or after a set number of incorrect responses, and (e) decreasing the 
delay interval for each stimulus individually (i.e., each stimulus has its own delay interval 
that is determined by correct or incorrect responding on that specific stimulus regardless 
of performance on all the stimuli as a whole) after an incorrect response to that stimulus 
or after a set number of incorrect responses to that stimulus. When implementing these 
variations of criteria for decreasing the delay interval, research should also be conducted 
on the criteria to increase the delay interval again after a decrease (e.g., decrease for a 
certain number of sessions or until a certain criteria is met to increase) as well as the 
differential effects of (a) decreasing to the previous delay interval, (b) reverting back to 
the 0-s delay interval followed by returning to the delay interval in which the mistake was 
made, or (c) reverting back to the 0-s delay interval followed by progressing through the 
delay intervals from the beginning again. Research is also warranted on different 
combinations of the variations for increasing and decreasing the delay intervals.  
Future research can also investigate the differential effects of implementing 
different quantities of 0-sec delay intervals (e.g., conducting two or three sessions with 0-
sec delay intervals before increasing the delay interval) in combination with any of the 
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different variations described.  The initial use of 0-s delay intervals facilitates stimulus 
control by preventing participants from engaging in high quantities of incorrect responses 
so that instructor can differentially reinforce correct responding; thus increasing the 
amount of sessions that use 0-sec delay intervals could potentially have an impact of the 
efficiency of these procedural variations.   
In addition to conducting research on all the variations of criteria for increasing 
and decreasing the delay interval, research is also needed on determining the differential 
effects of the number of seconds by which each interval is increased or decreased (e.g., 
gradually increase in increments of 0.5 s, 1 s, or 2 s). Researchers also can investigate the 
differential effects of using various terminal delay intervals (e.g., gradually increasing the 
delay interval up to a maximum of 4 s, 5s, or 8 s). 
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